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BACTERIOLOGY OF BUTTER 
II. A Method for the Microscopic Examination of Butter 
By B. W. HAMMER AND J. A. NELSON 
Routine determinations of the numbers of bacteria in mar-
ket milk, market cream and ice cream are being used exten-
sively in the control of the quality of these products. Com-
parable determinations are only occasionally employed with 
butter. One of the reasons for this is that many butter plants 
regularly add enormous numbers of bacteria in the form of 
butter culture to the cream that is to be churned, and, while 
a large percentage of these organisms is carried away in the 
buttermilk, the bacterial content of the butter is nevertheless 
greatly increased. The addition of butter culture in order to 
give the butter a higher flavor and aroma than it would other-
wise have is practiced by many butter manufacturing organi-
zations which produce a high quality product. This repre-
sents a distinct advance in the development of butter manu-
facture, altho for special uses or markets butter without cul-
ture may be preferred. 
Determinations of the numbers of bacteria in butter, how-
ever, have been very useful in connection with various studies, 
especially those on deterioration. Investigations along this 
line will probably become more common, due to the tendency 
of the market to demand butter of a better quality. Another 
reason for additional studies is the great increase in the manu-
facture of unsalted butter to be used in recon&tituted cream. 
In this product the lack of salt eliminates one of the factors 
controlling bacterial growth, and bacterial deterioration is ac-
cordingly favored. 
The plate method has been most often employed in determi-
nations of numbers of bacteria in butter. The disadvantages 
which apply to the use of this method with milk apply equally 
to butter, but the opportunity to pick colonies of organisms 
that are of interest has repeatedly been very useful. The 
rapid extension of microscopic counts on milk and the im-
provements in methods suggest that this type of technique 
would be valuable with butter. The advantages over the plate 
method which would be especially useful with butter are, (1) 
the rapidity with which results can be secured and (2) the op-
portunity to secure information on the general morphologic 
types of organisms present. The inability to distinguish be-
107 
tween living cells and certain of those destroyed by pasteuri-
zation would, of course, limit the conclusions that could be 
drawn, as is the case with mille 
Various procedures have been suggested for the micro-
scopic examination of butter. The method herein reported 
appears to meet the demands of the Iowa Agricultural Experi-
ment Station for the investigation of various problems of im-
portance to the butter industry. 
HISTORICAL 
The early history of the use of microscopic methods for es-
timating the numbers of bacteria in various substances has 
been reviewed by Breed and Brew (3) . 
A microscopic method for the examination of butter for 
tubercle bacilli was suggested by Roth and outlined by Bow-
hill (2). Two to four grams of butter were put into a test tube 
which was then filled about three-fourths full with water and 
placed in a water bath at 50° C. until the fat was melted. 
After shaking thoroly and holding in warm water for 15 min-
utes, the tube was transferred to a cool place so that the fat 
would solidify. The fluid contents were then removed and 
either centrifuged or set aside until sedimentation occurred. 
Some of the sediment was stained according to the ordinary 
method for tubercle bacilli. 
Lohnis (4) suggested a method for the microscopic examina-
tion of butter in which about 1 gram was mixed thoroly in a 
small beaker or dish with about 25 ml. of warm water (60° to 
70° C.). This emulsion was centrifuged in a Trommsdorff 
sedimentation tube, and stained microscopic preparations were 
made from the sediment. 
In Schneider's method for the examination of butter for or 
ganisms. as outlined by Tanner (9), 1 gram of butter was 
placed in 10 ml. of ether and shaken until all the butterfat 
was dissolved. The solution was poured into a special centrifuge 
tube and centrifuged for 5 minutes, after which the sedi-
ment was again washed with 10 ml. of ether by shaking and 
centrifuging. The ether was poured off and 2 ml. of a 2-per-
cent solution of sodium hydroxide were added and the mix-
ture shaken until the casein was dissolved. The sodium hydrox-
ide emulsified the small amount of fat that was present. The 
emulsion was examined for bacteria and body cells by means of 
a haemocytometer. 
In a method proposed by Ruehle (8) 1 gram of butter was 
weighed out and transferred to a clean separatory funnel. 
One ml. of hot water Wail added to the butter and the whole 
mass agitated until the melted butter was thoroly mixed with 
the water. Fifty to one hundred ml. of ether, gasoline or other 
• 
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fat solvent were added to dissolve the fat: and the mixture 
allowed to stand until the solvent had separated. The aqueous 
portion was drawn off into a graduated cylinder and an l' qnal 
amount of sterile skimmilk (which had been allowed to sedi-
ment for a week or more after sterilization) was added. After 
mixing, 1/ 50 of a ml. of the mixture was spread out with a 
needle on a glass slide so that it covered an area of 1 sq. cm. 
Sometimes a larger amount of butter was employed, but in 
those instances a larger amount of warm water was used so 
that in every case 1/ 50 of a ml. of the mixture represented ap-
proximately 0.01 gram of the butter. The smears were then 
treated as in the Breed method for milk and the bacteria 
counted under the oil immersion objective . Later (11) the 
procedure was modified. Two grams of butter were weighed 
out and transferred to a clean separatory funnel thHt had 
been previously warmed to 40° C. Two ml. of warm, sterile, 
sedimented skimmilk were added to the butter, and the mix-
ture was rotated until the butter was melted and mixed with 
the mille Then 100 ml. of fat solvent (ether) were added, a 
littl e at a time, and gently agitated to dissolve the fat. The 
rest of the process was carried out in the same manner as the 
original procedure by Ruehle (8) . 
Redfield (7) determined the yeasts and oidia in butter by a 
microscopic method. The butter was melted at 45 ° C. and 
allowed to stand at temperatures between 40° and 45 ° C. until 
the fat separated in a clean layer with the mixture of curd 
and whey or brine at the bottom of the tube. With a sterile 
l-ml. pipette, the curd and whey were thoroly mixed by draw-
ing back and forth in the pipette. One ml. of the mixture was 
then transferred to a clean watch glass, care being taken to ex-
clude fat; a 0.01 ml. portion was then transferred to a slide 
with a Breed pipette and carefully spread on an area of 1, 2 
or 4 sq. cm. , depending on the quality of the butter and using 
distilled water if necessary to obtain a uniform smear. The 
preparation was dried, stained and counted in the usual man-
ner. 
North and Reddish (6) had previously reported the use of 
the microscopic method proposed by Redfield for counting 
yeasts and oidia in butter. They suggested slow eentrifu~ing 
for about 1 minute with the butter at 45 ° C., in ease the curd 
did not separate completely after the butter had stood for 15 
minutes at this temperature. 
GENERAL STEPS IN THE SUGGES'rED METHOD FOR 
THE MICROSCOPIC EXAMINATION OF BUTTER 
1. Melt carefully a representative sample of butter by heat-
ing to 45 ° C. 
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2. Centrifuge 10 ml. 
of the melted butter in a 
separatory funnel until 
the serum is separated 
from the fat. 
3. Draw off the se-
rum. 
4. Spread 0.01 ml. of 
the thoroly mixed serum 
measured with a Breed 
pipette over a definite 
area (from 1 to 8 or 
more sq. cm.) on a mi-
croscope slide and allow 
to dry. 
5. Stain as in the mi-
croscopic count for milk. 
6. Examine under the 
microscope for the gen-
eral character of the 
flora. 
7. If an estimation of 
the number of organisms 
per ml. of butter is de-
sir ed, determine the 
number per microscopic 
field of the serum and 
then calculate the num-
ber per ml. of serum and 
finally the number per 
ml. of butter. Fig. 1. Melting the sample of butter Following the s u g -
gestion in " Standard Methods of Milk Analysis" (10) 
that in the microscopic count of the bacteria in milk, 
cleanliness of glassware is more important than steriliza-
tion, the regular procedure has been to clean thoroly, be-
tween samples, the equipment with which the bl,iltter or serum 
comes in contact and then, between periods of use, to treat 
such equipment with cleaning solution. 
DETAILED STEPS IN THE SUGGESTED METHOD FOR 
THE MICROSCOPIC EXAMINATION OF BUTTER 
1. The methods of sampling butter that are included in 
"Suggested Methods for the Microbiological Analysis of But-
ter" (11) are satisfactory for the procedure under considera 
tion and are accordingly followed. 
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The entire sample of butter, or enough of it to yield 10 
ml. of the melted product for centrifuging, is put into a beaker 
so that it can be readily melted and mixed. A 250 ml. beaker 
of the conical type is preferred altho beakers of various capaci-
ties and shapes are convenient. The melting and mixing are 
carried out by placing' the beaker in a water bath at a tem-
perature of from 50 to 55° C. and slowly agitating the butter, 
using a thermometer as a stirring rod, until the temperature 
reaches 45° C. (fig. 1). 
2. Ten ml. of the melted fat at a temperature of 45° C. are 
transferred to a 30 ml. separatory funnel (fig. 2) * using a 
pipette that has been warmed by passing it thru a flame. The 
size of the portion centrifuged is of no great importance but 
a standard volume seems advisable and one of 10 ml. has some 
advantages over smaller amounts. These advantages are, (1) 
enough serum collects to permit the removal of the serum 
without including any considerable percentage of fat, and 
(2) the volume .of serum secured provides ample material for 
plating in case the microscopic picture makes this advisable. 
Centrifuging is carried out using a funnel support (fig. 2) in-
tended for a separatory funnel of a different shape from the 
one employed. A rubber stopper around the upper part of the 
funnel rests against the wall of the support and the funnel is 
carried in this way. The assembled funnels, funnel supports 
and centrifuge head clamped to the top of a ring stand are 
shown in fig. 3. Very little funnel breakage has been eneoun-
·The type of separatory funnel originally used was the one listed in apparatus 
catalogs that seemed best suited to the requirements. If a special separatory funnel 
is secured there is no need of including the constriction at the top, and the shoulder 
above the stop-cock should have a gradual slope so that there will be less tendency 
for the sedimented curd. etc., to stick to .the glass when the stop~cock is opened; a 
large bore in the stop-cock is an additional advantage. Fig. 7 shows a special sep-
aratory funnel, also of 30 ml. capacity, that has been very satisfactory (see p. 114). 
Fig. 2. Separatory funnels. funnel supports and centrifuge head 
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Fig. 3. Assembled funnels, funnel supports and centrifuge head clamped to the top 
of a ring stand. 
tered and most of this has involved the tip of the funnel which 
projects into the lower portion of the support. 
The centrifuging should throw out the serum completely 
without causing a separation in the serum itself. When cen-
trifuging has been done properly the fat layer will be clear 
and the serum layer uniform thruout (fig. 4). With a centri-
fuge in which the stop-cocks of the funnels were 14ljz inches 
apart with the machine in opera-
tion, centrifuging 1 minute at a 
speed of 1,000 R.P.M. was found 
to be entirely satisfactory for the 
types of butter used. Samples of 
butter of different characters be-
have differently, and some types 
are easily over-centrifuged so that 
there is a separation in the serum. 
When this occurs a solid pack of 
material at the bottom of the fun-
nel may make it very difficult to 
start a flow thru the stop-cock 
and, of course, it becomes impera-
tive to remove the serum very 
completely, and then thoroly mix 
it, if a representative portion is to 
be secured for spreading on the 
slides. In general, centrifuging 
of butter made from a poor quali-
ty of cream must be carefully 
done or there will be a separation 
in the serum; presumably, this is Fig. 4. Centrifuged butter showing 
due to the content of particles of clear fat layer l:;e~. uniform serum 
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casein or some casein 
derivative that readi-
ly centrifuges out. 
With butter made 
from "good quality 
sweet cream the cen-
trifuging can b e 
greatly in ~ x c e s s 
(either time or 
speed) of that sug-
gested without any 
undesirable effect. 
3. I m m e d i ate -
ly after centrifuging, 
the funnel is re-
moved from the cen-
trifuge and the se-
rum drawn off (fig. 
5); unless this is 
done before the fat 
begins to congeal, a 
great deal of diffi-
culty is encountered. 
The serum should be 
removed very slowly 
so that the plane be-
Fig. 5. Removing thefus:~~r from the separatory tween the fat and 
serum is kept as flat 
as possible. When the serum is drawn off rapidly the por-
tion along the wall of the funnel tends to lag and the fat is 
pulled down to the stop-cock when there is still a considerable 
percentage of the serum in the funnel. The serum is removed 
as completely as possible without including objectionable 
amounts of fat. 
A short test tube (figs. 5 and 6) makes a very satisfactory 
container in which to collect the serum since portions of the 
serum can be easily removed from it with a Breed pipette. 
4. The collected serum is thoroly agitated, and portions 
are removed to microscope slides with a Breed pipette. Ordi-
narily 0.01 ml. of the serum is spread over 1, 4 or 8 sq. cm. If 
the area is larger than 1 sq. cm., sterile skimmilk, free from 
stainable bacterial cells, or water is added with a loop to facili-
tate even distribution. The spreading is conveniently done 
with a transfer needle bent at an angle of 90 degrees (fig. 6). 
"Then skimmilk or water is to be used it should be put near the 
0.01 ml. of serum and thoroly mixed w.ith the serum before an 
attempt is made to cover the desired area. 
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Fig. 6. Equipment used in making preparations from the serum. 
The area over which the 0.01 ml. of serum should be spread 
depends on the bacterial content of the butter and the infor-
mation desired. If a study of the morphologic types of or-
ganisms present is the main consideration it is an advant.age 
to have the organisms rather numerous in each field while if an 
estimation of the number is desired the organisms should not 
be so numerous that counting is difficult. With butter having 
a very high bacterial content, eounting may be facilitated by 
spreading the 0.01 ml. of serum over an area larger than 8 
sq. cm. 
A card with the desired area laid out in black and sur-
rounded by a broad red border is a great aid in the making of 
spreads that are reasonably exact in area and reasonably uni-
form in thickness. If a portion of the background is white the 
desired results are not so easily secured. 
The slides are rapidly dried on a level surface and are well 
protected from flies and dust. 
5. Both the regular methylene blue stain described in 
"Standard Methods of Milk Analysis" (10) and Newman's 
one-solution technique (5) are satisfactory for staining prep-
arations of the serum secured from butter. 
6. The examination of the stained smears under the oil im-
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mersion lens shows the general morphologic types and the gen-
eral number of organisms present. 
7. The number of organisms per ml. of butter may be esti-
mated by (1) determining the average number per field, count-
ing as many fields as seems desirable for the purpose in mind; 
(2) calculating the number per ml. of serum from the area 
over which 0.01 ml. of serum was spread and the diameter of 
the microscopic field, and (3) dividing by 9* to change from 
a basis of 1 ml. of serum to a basis of 1 ml. of butter. Steps 2 
and 3 may be combined for routine work. 
OBSER'v ATIONS ON THE SUGGESTED MErrHOD FOR 
THE MICROSCOPIC EXAMINATION OF BUTTER 
With the necessary equip-
ment conveniently arranged 
for use, a slide ready for exam-
ination under the microscope 
can be prepared from a sam-
ple of butter in a period as 
short as 15 minutes, provided 
atmospheric conditions are 
such that the film dries rapidly. 
The slides from a number of 
samples may be stained to-
gether advantageously. Thus 
far it has seemed advisable to 
centrifuge one or, at the most, 
two samples of butter at a time 
because the centrifuging and 
removal of the serum must be 
done quickly if difficulty from 
congealing fat is to be avoided. 
Moreover, the period during 
which the organisms are held 
in the presence of moisture at a 
temperature favorable for 
growth should be kept reason-
ably short. 
Altho the melting point of 
butter varies a gre.at deal, with 
butter from the southern part 
of the United States rather 
regularly showing a higher 
melting point · than that from 
the northern part, all the sam-
ples studied have been handled 
.Fig. 7. Special separatory funnel easily with an initial tempera-for centrifuging melted butter . 
• The origin of the factor 9 is discussed in a later section. 
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ture of 45 0 C. ; four samples of butter from the South have been 
examined, three fl'om Texas and one from Louisiana. 
The adaptation of Proca's stain suggested by Beattie (1) 
for the direct enumeration of bacteria in pasteurized milk has 
been used on slides made with butter serum but has not been 
adopted as a regular procedure. 
On butter made from pasteurized cream, which is the typE' 
of butter most likely to be examined microbiologically, the 
bacterial counts secured by the microscopic method employed 
w~e many times greater than those secured by the plate 
method, using beef infusion agar and an incubation of four 
days at 21 0 C.; the ratio varied widely from one sample to 
another. The greatly increased count with the microscopic 
method was undoubtedly due to various factors such as, (1) 
some of the organisms observed being dead, (2) the conditions 
of incubation being unsatisfactory for the d(;lvelopment of 
certain organisms, and (3) the tendency of some of the clumps 
of organisms to break up very little during the plating process 
so that one colony represented many organisms. In certain 
instances, however, the variations between the results of the 
two methods were so great that it appears the plate method 
must have been recording only a small percentage of the liv-
ing cells. 
DERIVATION OF A FACTOR FOR USE IN CHANGING 
FROM A BASIS OF 1 ML. OF SERUM TO A BASIS 
OF 1 ML. OF BUTTER 
The results secured in the examination of butter serum 
would be more readily usable and more easily compared with 
the results secured on other dairy products if they were 
changed to a basis of 1 ml. of butter, and, accordingly, a fac-
tor for effecting such a change seemed desirable. 
Since the material examined under the microscope is en-
tirely serum it was necessary to determine whether or not the 
numbers of organisms left in the fat were large enough to be 
of any importance. The plate method was used instead of the 
microscopic method because of the difficulty in using the lat-
ter procedure with the fat. Counts were made on the fat and 
on the serum secured by centrifuging butter in the regular 
manner, using beef infusion agar and an incubation of 4 days 
at 21 0 C.; water blanks warmed to approximately 40 0 C. were 
used with the fat but not with the serum. Table I gives the 
counts obtained on the fat and on the serum from 40 samples 
of butter, together with a calculation for each sample of the 
percentage of the number of organism per ml. of the serum 
that were present per ml. of the fat. Plate counts on the 
serum ranged from 6,500 to 111 million per ml. and on the fat 
from 20 to 45,500 per ml. The number of bacteria pel' ml. of 
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TABLE 1. PLATE COUNTS ON FAT AND ON SERUM OBTAINED 
FROM BUTTER BY CE~TRIFUGING. 
Bacteria per rol. Percent of organisms 
Butter No. per rol. of serum pre-
Fat Serum sent per rol. of fat 
(to nearest 0.01) 
C 1 200 116,000 0.17 
C2 2,000 12,750,000 0.02 
C3 500 200,000 0.25 
C4 25 8,000 0.31 
C5 20 6,500 0.31 
C6 475 111 ,ODD ,ODD <0.01 
C 7 70 260,000 0.03 
C8 60 15,000 0.40 
C9 70 4 ,800 ,ODD <0.01 
C 10 220 2,800 ,000 <0.01 
C11 260 440,000 0.06 
C 12 1,770 42,300,000 <0.01 
C 13 1,115 38,100 ,000 <0.01 
C 14 810 1,755,000 0.05 
C 15 195 605,000 0.03 
C 16 725 1,255,000 0.06 
C 17 160 775,000 0.02 
C 18 70 320,000 0.02 
C 19 90 130,000 0.07 
C 20 2 ,000 46,750,000 <0.01 
C 21 1,770 16,600,000 0.01 
C 22 2,840 3,400,000 0.08 
C 23 555 185,000 0.30 
C 24 100 70 ,000 0.14 
C 25 4,200 17,850,000 0.02 
C 26 5,200 3,500 ,ODD 0 . 15 
C 27 4,440 1,390,000 0.32 
C 28 1,890 615,000 0.31 
C 29 1,540 1,610 ,ODD 0 . 10 
C 30 12,000 8,800 ,ODD 0.14 
C 31 2,580 1,445,000 0.18 
C 32 45,500 90,000 ,000 0.05 
C 33 4,690 2 ,950,000 0.16 
C 34 670 440,000 0.15 
C 35 485 450,000 0.11 
C 36 1,600 1,080,000 0.15 
C 37 36,900 23,350,000 0.16 
C 38 530 230,000 0.23 
C 39 440 240,000 0.18 
C 40 480 135,000 0 . 36 
the fat ranged from less than 0.01 to 0.40 percent of the num-
ber per ml. of the corresponding serum. 
The ratio between the plate counts on the fat and on the 
serum indicates that the organisms left in the fat are negligi-
ble from the standpoint of the numbers in butt·er. While the 
ratio would probably be somewhat different with a micro-
scopic procedure than with the plate method, the significance 
of the numbers of organisms in the fat probably would not be 
greatly influenced. The numbers of organisms per ml. of fat 
were so much less than the numbers per ml. of serum that it 
appears those present in the fat can be ignored in getting the 
results on the basis of the original butter, even if the volume 
of the fat is greater than the volume of the serum. 
The relationship between the volume of the butter and the 
volume of the serum secured from it must be considered in 
changing the microscopic counts from a basis of 1 ml. of serum 
to a basis of 1 ml. of butter. This relationship would be ex-
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TABLE II. RELATIONSHIP BETWEEN THE COMPOSITION OF BUTTER* 
AND THE VOLUME OF SERVM OBTAINED FROM IT. 
Samples Arranged According to Moisture Content. 
Percent Volume of serum 
Sample No. (to the nearest 0 .05 
mI.) obtained from 
Fat l\.1oisture Salt Curd 10 ml. of butter by 
centrifugiug 
S 1 83.1 14 .6 1.53 0.77 0.95 
S 2 82.05 14 . 8 2.47 0.68 1.0 
S 3 82 .4 15 .0 1.90 0 . 70 1.05 
S 4 81.6 15 .5 2.20 0 . 70 1.1 
S 5 79.6 15 . 5 3 .85 1.05 1.1 
S 6 81.3 15.6 2 . 50 0.60 1.1 
S 7 83.6 15 . 7 0 . 00 0 . 70 1.1 
S 8 81.6 15.9 . 2.25 0.25 1.1 S 9 80.8 16 .0 2 .49 0.71 1.1 
S 10 80.8 16 . 0 2.65 0.55 1.1 
SI1 80.4 16 . 1 2 . 57 0.93 1.1 
S 12 81.4 16 . 1 1.92 0 . 58 1.1 
S 13 81.2 16 .2 2.22 0 . 38 1.1 
S 14 80 . 55 16 .2 2.66 0.59 1.1 
S 15 80 . 7 16.2 2 . 51 0.59 1.1 
S 16 80.7 16 .2 2 .40 0.70 1.15 
S 17 81.15 16 . 3 2.17 0.38 1.15 
S 18 79 .35 16 . 4 3 . 49 0.76 1.15 
S 19 81.35 16.45 1.71 0 .49 1.2 
S 20 80.6 16 . 5 2 . 44 0.46 1.2 
S 21 80.3 16 . 6 2.62 0 . 48 1.2 
S 22 80.6 16. 8 2.08 0 . 52 1.2 
S 23 80.1 16 .9 2.07 0.93 1.2 
S 24 80.1 16 .9 2 .33 0.67 1.2 
S 25 80.0 17.0 2.20 0.80 1.25 
S 26 78 .7 17 .0 3.40 0.ge 1.3 
S 27 79 .9 17 .2 2.17 0.73 1.25 
S 28 80 .0 17 .2 2.05 0.75 1. 3 
S 29 79.15 17 .45 2 . 65 0.75 1.3 
S 30 79 .5 17 . 7 2.00 0.80 1.3 
S 31 79. 5 17 .8 1.90 0.80 1.3 
S 32 78 . 7 18.1 2.42 0 .78 1.35 
S 33 78.8 18.2 2 . 60 0.40 1.35 
S 34 77.9 19 .2 2.24 0.66 1.4 
pected to vary and to be influenced especially by the percen-
tage of moisture in the butter. The volume of serum (meas- . 
ured in a finely graduated cylinder to the nearest 0.05 ml.) 
that could be drawll off from 10 ml. of butter centrifuged in 
the usual way was determined for 34 samples ; a number of 
lots of butter with excessive moisture contents were included 
in order to secure informatiml on the r elationship of the per-
centage of moisture to the volume of serum. The results se-
cured, together with the fat, moisture, salt and curd values 
for each sample,* are given in table II ; the samples are ar-
ranged on the basis of an increasing moisture content. 
The volumes of serum from 10 ml. portions of butter varied 
from 0.95 to 1.4 ml. The smallest volume was obtained from 
the butter with the lowest moisture content and the largest 
volume from the butter with the highest moisture content . 
*The butter samp les and the data showing theil' composition were secured from 
the Iowa Butter Cont rol Laboratory . 
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The regular increase in the volume of serum with an increase 
in the moisture content indicates that the amount of moisture 
is the important factor in determining the volume of serum 
and that the influence of the salt and curd contents is negligi-
ble. It is of interest to note that the one sample of unsalted 
butter (S 7) yielded the same volume of serum as the salted 
samples having approximately the same moisture content . 
With the lots of butter having moisture contents that would 
be acceptable in a well-managed butter plant, the volumes of 
serum secured from 10 ml. of butter regularly equalled 1.1 ml., 
or approximately one-ninth of the volume of the butter; ac-
cordingly, the bacterial content per ml. of serum should be 
divided by nine (10 --;-1.1 = 9) to get the results on a basis of 
1 ml. of butter. The transposition factor, to the nearest whole 
number, should be seven for the sample (S 34) having the 
highest moisture content (10 --;- 1.4 = 7) and eleven for the 
sample (S 1) having the lowest moisture content 
(10---;- 0.95 = 11). 
A factor of nine would appear to be satisfactory for routine 
use in changing the bacterial content from a basis of 1 ml. 
of serum to a basis of 1 ml. of butter. While it would involve 
some error in the case of lots of butter that are unusually high 
or low ill moisture, this would not be serious and probably 
would not be any greater than errors due to other causes, e.g., 
the error due to an uneven distribution of the bacteria in the 
smear. Moreover, under the usual commercial conditions the 
moisture content of butter is rather carefully controlled. The 
error that would result from variations in the ratio of the vol-
ume of the serum to the volume of the butter does not justify 
a measurement of the volume of the serum or a determination 
of the moisture content of the butter when the microscopic 
method is to be used for ordinary examinations of butter. 
USES OF THE METHOD FOR THE MICROSCOPIC 
EXAMINATION OF BUTTER 
1. To secure, quickly and easily, a general picture of the 
number and morphologic types of organisms in butter. An 
ex.amination of a smear prepared with serum from a lot of but-
ter makes it possible to secure, in a short time and with very 
little effort, a general idea of the number of microorganisms 
and the morphologic types present. By no means all of the 
organisms observed are living, especially with pasteurized 
cream butter, but the results are useful in determining the 
microbiologic condition of the cream from which the butter 
was made and the general care used in the manufacturi.ng 
process. A smear prepared from the butter serum can be 
stored for extended periods and thus constitutes a permanent 
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record of certain facts relating to the microorganisms present 
in the butter. 
The morphology of the butter culture organisms as they 
appear in the serum from butter is more or less characteristic, 
and thus the microscopic examination of butter is helpful in 
deciding whether or not butter culture has been used in a 
given lot of butter. Apparently, the addition of salt to butter 
greatly affects the appearance of the butter culture organisms 
so that they are not as readily recognizable in salted butter as 
in unsalted. 
2. To estimate the number of organisms present in butter. 
From the average number of organisms per microscopic field 
of the serum smear, the number per ml. of the butter can be 
calculated. The results, of course, include both living and 
dead organisms; they are useful where detailed data, rather 
than a general picture of the number of organisms present, are 
desired. 
3. To study the growth of organis;ms in butter. The growth 
of organisms in a lot of butter can be studied conveniently by 
making microscopic examinations of serum secured from the 
butter at various times. When the plate method is used in. 
determining the number of bacteria in butter the discrepancies 
that are sometimes noted between the various dilutions tend 
to prevent any great confidence in the results. ·With either 
method it is conceivable that decreases among one or more 
types of organisms equal the increases among one or more 
other types, but where significant growth occurs it would be 
expected to greatly outweigh any decrease that could take 
place. . 
4. To help determine whether the deterioration of a lot of 
butter is primarily bacteriologic or chemical. Distinguishing 
between the two types of butter deterioration-bacteriologic 
and chemical-is sometimes rather difficult. While the char-
acter of the flavor and odor developed may definitely suggest 
the nature of the change involved, confirmatory evidence is 
always desirable. The number of organisms present in a lot 
of deteriorated butter, especially when considered in connec-
tion with the morphologic types, may be very helpful in reach-
ing or substantiating a decision. In using such a procedure it 
must be recognized that certain types of organisms, e.g., some 
of the micrococci, may be present in butter in very large num-
bers without greatly affecting the flavor and odor. 
In unsalted butter, conditions are much more satisfactory 
for the growth of many organisms than in the salted product 
and, accordingly, the flora of the former is of special impor-
tance in connection with deterioration studies. 
( 1) 
( 2) 
( 3) 
( 4) 
( 5) 
( 6) 
( 7) 
( 8) 
( 9) 
(10) 
(11) 
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